Procedures for media preparation, inoculation of the strain, consumable and equipment.
Required materials, solutions and conditions to store them:
• Luria-Bertani (LB) agar (Sigma) Students will prepare overnight cultures of Escherichia coli 1655 and 12017. Two well-isolated colonies are picked from a 24 hour culture on LB agar and re-suspended in 15ml LB broth. The cultures are incubated overnight in a shaking incubator at 37°C at 100 rpm. 1ml of cells is washed three times to remove excess LB broth and diluted appropriately.
Preparation of LB media
Preparation of this media will require approximately 3 hours. The plates are prepared by the instructor one or two days before carrying out experiments.
• Autoclave LB agar in distilled water for 15 minutes at 121°C
• Cool media down to 50°C before pouring into plates Two sets of LB plates are prepared:
• LB plates containing no tetracycline • LB plates containing 10ug/ml tetracycline 1L of LB media will make up to 40 plates. Once the LB plates are prepared they are stored at 4°C.
Week 1
In this session students will set up microcosms and prepare serial dilutions for the infection of filtered river water. To dilute E. coli, two different stations (in biosafety cabinets) can be arranged to have students rotating in an organized manner, thus making it an easier process.
Note: To improve safety, and in order to avoid a highly variable unknown sample, it is suggested to pre-filter the water before the start of the experiment. Students can filter it again for educational experience and they do not need to know that the water has been pre-filtered.
Approximately two to three hours are required to accomplish these experiments with a class of 10 students. 
Material for each student

Week 2
In this session, the following experiments will be carried out by the students.
• Read plates and count colonies from week 1 • Discriminate between resistant and sensitive colonies One hour and half are required to accomplish these experiments with a class of 10 students Material for each student • 2 LB plates containing 10ug/ml tetracycline • Test microcosm
Equipment:
• Sterile toothpicks • Template with 50 rectangles to facilitate pick and patching • 37°C incubator
Week 3
In this session the students will count the resistant colonies from week 2.
Material for each student
• LB plates • Marker
Equipment:
• Template with 50 rectangles • Projector
Excel software and statistical analysis software. We used the software JMP (SAS), but other statistical software can be used.
1
Fitness of resistant bacteria in the environment
Introduction:
Antibiotic resistance poses a serious global health problem due to the overuse and misuse of antibiotics, contributing to the development and widespread of antibiotic resistant genes in microorganisms. Antibiotics are continuously released into the environment from anthropogenic sources such as wastewater treatment plants effluents, hospital and processing plant effluents, application of agricultural waste and bio-solids to fields and leakage from waste-storage containers and landfills. Interestingly, the presence of antibiotics in river may range between ng to µgL -1 and such concentrations can potentially affect the fitness of resistant bacteria. Acquisition of antibiotic resistance may be associated with a physiological cost for the bacterium and it brings advantages in case of selective pressure. In biology, fitness is defined as an organism's ability to survive and reproduce in a particular environment. Fitness in bacteria may be small and difficult to quantify and several models are currently available and in this laboratory experience an easy method is presented. We will generate microcosms that can be easily used to measure fitness. In this experience, the fitness of resistant and sensitive strains of E. coli will be measured in river water. Students will determined the fitness costs associated with antibiotic resistance genes in generated microcosms. The ecological consequences and health implications of the fitness will also be discussed.
Learning goals:
1) Demonstrate comprehensive knowledge about the generation of a fitness experiment by using an isogenic pair of antibiotic resistant and sensitive bacteria in presence/absence of selective pressure;
2) Perform different microbiological tasks for the accomplishment of the fitness experiment;
3) Analyze data with graphical and statistical methods.
Please take a look at the workflow of experiments, which can be found at the end of this protocol.
Before starting…please follow the next fundamental SAFETY RULES:
Week 1
Formulate your own hypothesis! Please formulate your own hypothesis.
Example of hypothesis: We hypothesize that in absence of tetracycline, the resistant strain is less fit than the sensitive strain. Rationale: It is well know that the acquisition of antibiotic resistance may be associated with a physiological cost for the bacterium and it could bring disadvantages in case of absence of selective pressure.
I hypothesize that:
1. Filtration of the water. 1) Find the pond or river water on your bench.
2) Filter the water through GE Whatman filter paper first using a filtration apparatus. Filtration process will be explained during lab session.
3) Subject the filtered water to a secondary filtration using a syringe with a 0.23 µm filter. Collect 3mL of filtrate in a sterile 13-mL tube. 4) Add 1.5 ml of filtrate into each sterile tube. Label aliquot 1 "No antibiotic" and label aliquot 2 "Tetracycline 10 µg/mL".
Generation of the microcosms.
1) Find E. coli MG1655 (F-, λ -, rph-1) wild type and E. coli C AG12017 (F-, zaj-3054::Tn10, λ -, rph-1) resistant strain.
2) Obtain 1 mL from each liquid culture from your instructor. Centrifuge the cells 8000 xg for 1 minute. and plate 20µL on two LB plates. This is your C ONTROL.
Label the plates C ONTROL. 8) Add 0.30mL of the "Sensitive50%+Resistant50%" in 3mL of filtered water into both aliquot 1 "No antibiotic" and aliquot 2 "Tetracycline 10µg/mL". These will be your microcosms. 9) Plate 20µL of the microcosms onto 6 LB plates. This is your Time 0 (T0). Label the plates T0.
Please note you will have 3 plates labeled T0 "No antibiotic" and 3 plates labeled "Tetracycline 10µg/mL". Please also write down your group's name or initial. 10) Incubate the microcosms at 30 o C for two days. After incubation plate another 20µL onto 3 LB plates (NOTE: The technician will do it for you after 2 days of incubation). Label the plate T2.
OPEN QUESTION! What is a microcosm? Why do we use it?
Week 2 1) Find the plates labeled C ONTROL, T0 and T2 for both "No antibiotic" and "Tetracycline 10µg/mL".
2) Transfer 50 colonies from each microcosm onto a selective plate with tetracycline (10µg/mL) with the use of sterile toothpicks and Petri plate template.
3) Place the selective LB plate on top of the petri plate template (NOTE: don't forget to mark the top of the plate). With a toothpick gently pick one colony and streak diagonally onto a LB plate.
• NOTE ! Do not press the agar, gently streak the colonies on the surface of the LB with tetracycline (10µg/mL).
OPEN QUESTION! Why did you use PBS for serial dilutions?
Week 3
Let's perform the statistics! Assays of fitness in the laboratory include growth rate and competitiveness in vitro. In this experiment we measure relative fitness in vitro by measuring the growth of isogenic variants using genetically tagged strains (tetracycline resistant of susceptible). The Log(CI) allows to numerically measure the replicative ability relative to a pair of competing isogenic organisms in a particular environment. The Log(CI) is identified by a negative, positive number or 0; When values are negative, the sensitive strains are proliferating faster, when values are above 0, the resistant strains are proliferating faster. In the case of the value being Log(CI)=0±0.2, both the wild type and mutant strains are replicating at the same speed.
• NOTE! Do not open the plates. Count the resistant vs sensitive strains on the back of the plate using a marker to check each counted streak. 8) Fill the reporting card with your findings. 9) Calculate the Log(Competitive Index) or Log(CI) by using the following equation:
where: Resistant: Number of resistant patches identified on the selective plate. Sensitive: Number of sensitive (no growth) patches identified on the selective plate. Control. Number of resistant and sensitive patches on the control plate. T0: Measurement of resistant and sensitive streaks just after the inoculum in the microcosms T2: Measurement of resistant and sensitive streaks just after 2 days of incubation at 30°C in the microcosms.
The Log(CI) should be repeated for results at T0 (which should roughly coincide with the control) and T2. 10) Fill in the card. The instructor will recollect all data.
OPEN QUESTION! In the case of resistant and sensitive strains expressing the same fitness, how would you expect the Log(CI) value to be? Discuss the expected result.
STATISTIC AL ANALYSIS
The instructor will collect all cards form each student and will fill out an excel file with all the results. You will find the excel spreadsheet on online learning management system (Moodle). Please download it and repeat the statistical analysis by yourself. You will infer to the Student's t-test in order to identify significant different means and make the graphs. Expected results are plotted in Figure 2 of the manuscript.
Week 1 -OPEN QUESTION! What is a microcosm? Why do we use it? A microcosm is an artificial experimental ecosystem. In the microcosm variables are reduced at a minimum and this allows to answer questions that are otherwise impossible to answer. We use microcosms to study the key role of species in an ecosystem,in our case antibiotic resistant bacteria.
Week 2 -OPEN QUESTION! Why do you use PBS for serial dilutions? PBS has the opportune pH and osmotic pressure for maintaining E. coli cells whereas distilled water does not. Calculate this value by using the formula in the Student's handout.
Example of a filled table. SEC TION C . Fill the empty fields: (or write "I don't know!").
1. The strain E. coli CAG12017 carries resistance to______________________.
2. In presence of tetracycline the resistant bacteria ___________________________ the sensitive bacteria.
3. E. coli CAG12017 carries the tetracycline resistance in a________________.
4. Pick and patch method allows to discriminate ____________________ strains.
5. I do expect that at time 0 (T0), the Log(CI) is about _________________(put a numeric value).
Student evaluation of the laboratory activities Disagree Neutral Agree Question 1 2 3 4 5 1. I enjoyed the exercises 2. The experiments and materials were well explained 3. The experiments and materials were well organized 4. The experiments were easy to perform 5. The experiments were well designed to improve my knowledge in studying the fitness of bacteria in the environment 6. I know how to discriminate resistant versus sensitive bacteria on selective media
